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私は本研究で，choline-O-sulfate (COS), dimethylethylammonium propane sulfonate 
(NDSB-195), dimethylbenzylammonium propane sulfonate (NDSB-256) の３つのスル
ホベタインがタンパク質分子のコンフォマー変換に及ぼす効果を解析し．以下の結果を得
た： 
１．COSは KIX-87タンパク質の天然 ⇄  変性中間体の間の unfolding速度と refolding速
度の両方を上昇させた． 













Abstract of Doctor Thesis 
 





In the present thesis I report the effects of sulfobetaines on the dynamics of 
proteins.  
 
The stabilization of proteins is important both in basic sciences and in 
medical applications.  For examples, three-dimensional structures of 
proteins and protein complexes, which are crucial to understand their 
mechanisms of action and interaction, cannot be determined when the 
protein molecules are denatured or aggregated. Proteinaceous drugs such as 
hormones and antibodies become ineffective or even exert unfavorable side 
effects when aggregated. The aggregation of these proteins raises their 
manufacturing cost.  
 
Two different classes of compounds have been known to stabilize proteins. 
One class is inorganic salts such as ammonium sulfate and the other is 
osmolytes, which protect cell from osmotic stresses, and include polyols, 
amino acids, and methylamines. The latter class of compounds is known to 
stabilize proteins by increasing the free energy of their denatured states.  
Sulfobetaines are a new class of protein stabilizers, which exhibit different 
effects on proteins compared with osmolytes, and their stabilizing 
mechanism have not been elucidated yet. Sulfobetaines are known to 
prevent denaturation and aggregation of proteins, to enhance protein 
refolding, to facilitate protein crystallization. They are also demonstrated to 
enhance NMR measurements of proteins by preventing protein aggregation. 
 
The goal of my study is to analyze the effects of sulfobetaines on the 
dynamics of proteins, with the aim to ultimately elucidate the mechanisms 
whereby sulfobetaines stabilize proteins. 
 
I focused my study on the effects of sulfobetaines, choline-O-sulfate (COS), 
dimethylethylammonium propane sulfonate (NDSB-195), and 
dimethylbenzylammonium propane sulfonate (NDSB-256) on the chemical 
exchange between conformers of protein molecules.  
I found: 
1) COS increased both the unfolding and refolding rate between the native 
and intermediate conformers of KIX-87 protein. 
2) NDSB-195, but not trimethylamine-N-oxide (TMAO), the most effective 
osmolyte, increased the exchange rate between the type II β-turn and the 
type-I β-turn in the β4-α2 loop of yeast ubiquitin. 
3) NDSB-256 increased the cis-trans isomerization rate of Gly-Pro peptide 
bond, whereas NDSB-195 and COS decreased the rate. Arginine, the most 
commonly used refolding additive and TMAO exhibited no significant 
effects. 
 
My research is the first one to analyze the effects of sulfobetaines on 
dynamics of proteins. Those compounds that enhance protein stability, such 
as osmolytes, have been considered to suppress the dynamics and eventually 
the activity of the protein. In contrast to osmolytes, sulfobetaines may 
enhance both the stability and activity of proteins; such properties of 
sulfobetaines will be quite useful in the application of proteins in the 
industrial and pharmaceutical fields.  
 
 
